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•  The	use	of	GIS	
•  General features 
•  Application to agricultural and environmental statistics	

•  The	use	of	Remote	Sensing	
•  General features 
•  Application to agricultural and environmental statistics 

•  Se,ng	up	the	frames	
•  Stra5fica5on	
•  An	overview	of	Some	exis5ng	Agricultural	and	Environmental	
surveys	based	on	Area,	Point	or	Mul5ple	Frames	

•  ESYRCE (Encuesta	sobre	Superficies	y	Rendimientos	de	Cul5vos) 
•  LUCAS (Land	Use	and	Cover	Area	frame	Survey	)	
•  TERUTI (U5lisa5on	du	territoire) 
•  JAS (June	Agricultural	Survey) 
•  AGRIT	



Geographical	Informa1on	System	(GIS).	

Spa5al	database	aimed	at	the	opera5onal	and	efficient	management	of	
data	related	to	a	space.	

Several	defini5ons	in	literature.	In	essence,	we	can	refer	to	a	GIS	as	a	
computerized	informa5on	system	that	integrates	data,	hardware,	

soVware	and	the	Global	Posi5oning	System	(GPS)	to	assist	a	researcher	
in	the	analysis	and	display	of	geographically	referenced	informa5on.	

	

GIS	is	capable	of	handling	the	posi5ons	of	elements	in	a	territory	and	
provides	query	and	visualiza5on	soVware	components.	
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Generally,	a	GIS	incorporates	five	key	elements:	hardware,	soVware,	users,	
procedures,	and	data.	
•  Hardware:	the	computer	that	operates.	
•  So<ware:	Key	components	of	the	soVware	are	tools	for	the	inclusion	and	the	
manipula5on	of	geographic	informa5on,	the	database	management	system,	tools	for	
research,	analysis,	and	data	visualiza5on.	
•  Users:	they	manage	the	system	and	develop	projects.	
•  Procedures:	the	system	has	to	be	structured	in	a	opera5onal	coherent	way.	
•  Data:	the	most	important	component	cons5tuted	by	four	elements:	the	
geographical	posi5on,	the	a^ributes,	the	spa5al	rela5onships,	and	the	5me.			



The	analysis	represents	the	core	of	any	GIS	system	because	
allows	us	to	visualize	the	pa^erns	and	rela5onships	of	
geographical	data.	

	

Current	methods	can	be	very	simple	such	as	a	map	of	the	theme	
under	inves5ga5on,	or	more	complex	models	such	as	those	that	
simulate	the	real	world	by	combining	many	layers	of	data.	

	

There	exist	an	extensive	number	of	methods	for	analyzing	geo-
referenced	data.	In	par5cular,	these	techniques	are	grouped	into	
two	classes:	spa1al	analysis	and	spa1al	sta1s1cs.	
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Spa1al	analysis	studies	real-world	processes	(typically	uses	a	GIS),	
providing	informa5on	about	the	real	world	and	the	current	situa5on	in	
terms	of	specific	areas	and	features,	and	changes	in	situa5ons	or	
trends.	It	is	generally	characterized	by	three	elements:		

•  aBribute	data,	a-spa1al	components	that	provide	the	descrip5ve	
informa5on	of	the	spa5al	data;		

•  geographical	loca1on,	(spa1al	component)	is	defined	using	
coordinates	expressed	in	a	given	system	of	reference	(such	as	
la5tude	and	longitude);	

•  topology,	defined	as	the	spa5al	rela5onship	between	map	features	
(representa5on	of	a	real-world	object	on	a	map)	and	concerning	
some	features	required	for	spa5al	analysis	as	adjacency,	
containment,	connec5vity,	and	intersec5on	

A	GIS	provides	the	tools	to	deal	with	all	three	elements	of	spa5al	data.		
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Spa1al	sta1s1cs	concerns	methods	for	understanding	data	
distributed	in	a	space,	where	posi5on	and	distance	have	
meaning.	
When	considering	the	spa5al	sta5s5cs,	the	analysis	capabili5es	
of	a	GIS	system	can	be	substan5ally	improved	by	combining	it	
with	R.	
The	use	of	GIS	in	spa5al	sta5s5cs	could	lead	to	a	number	of	
advantages.	
•  Recent	crop	surveys	are	based	on	GIS	and	area	sampling	

methods.	In	fact,	the	sampling	units	in	crop	surveys	are	based	on	
an	area	frame	obtained	using	geographical	areas	such	as	villages,	
ci5es,	and	regions.	Census	data,	survey	data,	and	satellite	images	
are	all	integrated	into	a	GIS.		

•  Sta5s5cal	precision	can	be	improved	by	including	agricultural	or	
other	environmental	characteris5cs	into	the	predic5on	models.		
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•  The	visual	nature	of	maps	may	highlight	hidden	rela5onships	
that	are	very	important	in	a	standard	regression	analysis.	

•  A	GIS	can	also	be	used	to	create	more	useful	data	for	rural	
development	policy	makers.		

•  Small	area	es5ma5ons	combined	with	geo-coded	data	and	
GIS	can	provide	a	different	view	of	the	poverty	distribu5on	at	a	
sub-region	level.	

•  Possibility	to	improve	the	accuracy	of	crop	area	es5mates	by	
incorpora5ng	the	effect	of	spa5al	dependencies	through	an	
integrated	applica5on	of	remote	sensing	technologies	and	
GISs.					
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Remote	Sensing	is	defined	as	the	technique	for	deriving	
informa5on	about	the	Earth’s	surface	and	es5ma5ng	geo-bio-
physical	proper5es	using	electromagne5c	radia5on.	

	

The	data	are	acquired	without	physical	contact	with	the	Earth.	
This	process	involves	making	observa5ons	using	sensors	(i.e.,	
cameras,	scanners,	radiometer,	radar,	and	so	on)	mounted	on	
plasorms	(i.e.,	aircraV	and	satellites)	that	are	a	considerable	
height	from	the	Earth’s	surface,	and	recording	the	
observa5ons	on	a	suitable	medium	(i.e.,	images	on	
photographic	films	and	videotapes,	or	digital	data	on	magne5c	
tapes).	Then,	the	observa5on	data	are	typically	stored	and	
manipulated	using	computers.	
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RS	system	usually	consists	of:	

•  a	plasorm,	typically	a	satellite	or	aircraV;	

•  a	naviga5on	device,	which	establishes	the	loca5on	of	the	
plasorm	and	the	land	area	under	inves5ga5on;	

•  one	or	more	sensors;	

•  a	module	for	data	processing	and	interpreta5on	(the	
interpreter	can	be	a	human	or	an	automated	system	that	
supervises	the	whole	opera5on	and	plasorm).	

RS	systems	can	be	ac5ve	(radar	and	laser	emit	their	own	
electromagne5c	radia5on)		or	passive	(electromagne5c	waves	
that	come	from	external	sources	of	energy	like	the	sun).	
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•  When	plants	receive	electromagne5c	energy	from	the	sun,	there	
are	three	different	possibili5es.	Depending	on	the	wavelength	of	the	
energy	and	the	plant’s	features,	the	energy	will	be	reflected,	
absorbed,	or	transmi^ed.	The	differences	in	leaf	colors,	textures,	
and	shapes	determine	how	much	energy	will	be	reflected,	absorbed,	
or	transmi^ed	and	this	will	determine	the	spectral	signatures	of	
individual	plants.			

•  Reflectance	measured	by	a	sensor	can	be	considered	as	a	proxy	
variable	of	some	biophysical	phenomena	such	as	the	geographical	
coordinates	(x,	y)	of	an	object,	the	temperature,	the	color,	or	the	
moisture	content	of	the	soil	and	vegeta5on.	These	covariates	are	
oVen	called	direct	variables.		

•  We	can	derive	some	hybrid	variables	by	simultaneously	analyzing	
several	biophysical	variables.	For	instance,	it	is	possible	to	determine	
the	stress	of	a	plant	by	considering	its	absorp5on	characteris5cs,	
temperature,	and	moisture	content.	This	represents	a	hybrid	
variable.		
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•  Now	RS	uses	special	sensors	that	allow	to	inves5gate	
phenomena,	even	using	infrared	and	microwave	bands.		

•  Mul5spectral	detec5on	may	provide	new	informa5on	
that	is	not	obtainable	with	visible	spectrum	methods,	for	
example,	infrared	sensors	measure	the	thermal	emission	
of	an	object,	and	these	temperatures	can	represent	
important	parameters.	From	a	sta5s5cal	point	of	view,	
this	informa5on	represents	a	typical	example	of	a	
mul5variate	data	set.	
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•  A	digital	image	is	an	extremely	useful	way	to	synthesize	and	
display	a	large	amount	of	data	that	could	not	otherwise	be	
analyzed.	

•  The	output	of	a	digital	image	is	typically	a	square	grid	
divided	into	smaller	boxes,	also	known	as	square	pixels	(i.e.,	
picture	elements).	The	element	associated	with	each	pixel	
corresponds	to	a	numeric	value	that	represents	a	gray	level	
and	describes	the	spectral	luminosity	of	a	specific	area	of	the	
scene	
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RS	techniques	are	widely	used	in	agriculture	and	agronomy.	In	fact,	
remotely	sensed	images	provide	a	spa5al	coverage	of	a	field,	and	
can	be	used	as	a	proxy	for	measuring	crop	and	soil	a^ribute.	It	is	
really	needed	in	agriculture	monitoring	due	to	some	challenges	(that	
are	not	found	in	other	economic	sectors)	

•  agricultural	produc5on	heavily	depends	on	seasonal	pa^erns	
related	to	the	life	cycle	of	crops	

•  produc5on	varies	according	to	the	physical	landscape	(i.e.,	soil	
type),	clima5c	condi5ons,	and	agricultural	management	
prac5ces	

•  agricultural	variables	vary	substan5ally	over	space	and	5me.		

For	these	reasons,	agricultural	monitoring	systems	must	be	5mely.	RS	
has	many	advantages	in	that	it	can	significantly	help	to	address	these	
needs,	it	is	appropriate	for	collec5ng	informa5on	over	large	areas,	and	
can	have	a	high	revisit	frequency.		
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•  Spectral	response	and	crop	type	do	not	have	a	one-to-one	
correspondence.	In	fact,	the	radiometric	response	of	the	same	
crop	in	different	condi5ons	can	vary	across	the	pixels	of	an	
image.	A	more	appropriate	approach	is	to	consider	the	
spectral	response	of	a	crop	as	a	func5on	of	the	probability	
distribu5on	of	its	spectral	reflectance.		

•  Satellite	and/or	aerial	RS	technology	combined	with	in-situ	
observa5ons	has	become	an	important	technique	for	
improving	the	present	systems	of	acquiring	and	genera5ng	
agricultural	and	resource	data.	

•  RS	has	been	increasingly	considered	for	developing	
standardized,	faster,	and	possibly	cheaper	methods	for	
agricultural	sta5s5cs.		
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•  RS	techniques	can	represent	an	appropriate	support	for	par5cular	
problems	in	agricultural	surveys	such	as	data	reliability,	incomplete	
sample	frame	and	sample	size,	unit	selec5on,	area	measurement,	
non-sampling	errors,	gaps	in	geographical	coverage,	and	non-
availability	of	sta5s5cs	at	a	disaggregated	level.		

•  RS	can	be	appropriately	used	at	the	design	level.		

•  Remotely	sensed	images	provide	an	overview	of	the	area	under	
inves5ga5on,	and	are	useful	when	construc5ng	the	spa5al	reference	
frame.	

•  Classified	satellite	images	can	be	used	as	auxiliary	variables	to	
improve	the	precision	of	ground	survey	es5mates,	generally	with	a	
regression	or	a	calibra5on	es5mator.	

•  The	remotely	sensed	informa5on	can	also	represent	an	auxiliary	
variable	for	small	area	es5ma5on	procedures.			
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•  The	sampling	frame	has	significant	implica5ons	on	the	cost	and	the	
quality	of	any	agricultural	or	non-agricultural	survey.		

•  Defec5ve	sampling	frames	are	a	common	source	of	nonsampling	
error,	par5cularly	under-coverage	of	important	popula5on	sub-
groups.	

•  (Särndal	et	al.,	1992):	The	sampling	frame	is	any	material	or	device	
used	to	obtain	observa5onal	access	to	the	finite	popula5on	of	
interest,	and	refers	to	the	list	of	units	in	the	survey	popula5on.	

•  It	must	be	possible	with	the	aid	of	the	frame	to	iden5fy	and	to	
select	a	sample	in	a	way	that	respects	a	given	probability	sampling	
design	and	to	establish	contact	with	selected	elements.	

•  A	sampling	frame	could	be	a	list	of	units	(such	as	households	or	
holdings),	geographical	areas,	or	any	other	materials	(such	as	
maps),	and	may	also	include	informa5on	about	each	unit,	such	as	
their	size,	to	help	with	the	sample	selec5on	or	survey	es5ma5on.				
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Main	proper9es	of	a	frame:	

•  the	units	of	the	frame	are	iden5fied	through	a	unique	iden5fying	code;	

•  all	units,	that	are	selected	in	a	sample,	should	be	contactable;	

•  the	frame	contains	a	set	of	addi5onal	informa5on	for	each	unit;	

•  each	element	in	the	popula5on	of	interest	is	present	in	the	frame	
(completeness),	and	only	once	(accuracy);	

•  there	is	no	element	in	the	frame	that	is	out	of	the	target	popula5on;	

•  frame	data	are	up-to-date.		

In	prac9ce:	less	than	perfect	situa5ons,	as	several	limita5ons	can	affect	the	quality	
of	the	frames.	Ignoring	or	failing	to	properly	iden5fying	these	limita5ons	can	lead	
to	biased	es5mates,	inflated	variances,	or	even	both.		
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FRAMES	

SPATIAL	FRAMES	LIST	FRAMES	

List	of	all	the	sta5s5cal	
units	in	the	survey	
popula5on.	

Survey	design:	
list-sampling	design		

Complete	and	exhaus5ve	list	
of	non-overlapping	
geographic	areas	

	Frame	components:	lists	of	
addresses	for	holders	or	
farmers.		

Frame	components:	segments	
or	por5ons	of	land		

Survey	design:	
spa5al	sampling	design			
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•  In	agricultural	surveys,	farms	are	tradi5onally	sampled	on	a	list	(oVen	a	census)	of	
farms.	

•  When	a	sa5sfactory	list	frame	does	not	exist,	and	it	would	be	too	expensive	or	
complex	to	create	or	when	it	is	too	expensive	or	complex	to	maintain	it,	a	spa5al	
frame	may	be	the	best	alterna5ve	(Kennel	2008).	

•  Generally,	agricultural	censuses	are	made	every	10	years	so	there	may	be	a	
substan5al	difference	between	the	sampling	frame	and	the	actual	popula5on	at	the	
date	of	the	survey.	

•  Good	alterna9ve:	Spa5al	frames.	

•  Some5mes	spa5al	frames	are	used	to	improve	an	imperfect	frame.	For	example,	a	
survey	of	agricultural	holdings	might	use	a	frame	of	telephone	numbers	supplemented	
by	a	spa5al	frame.	The	sample	drawn	from	the	telephone	list	will	not	cover	holdings	
without	telephone	service.	However,	construc5ng	the	en5re	survey	from	a	spa5al	
frame	may	be	too	expensive.	Thus	some	surveys	use	a	spa5al	frame	to	improve	a	
frame	with	known	coverage	defects.			
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ADVANTAGES	OF	SPATIAL	FRAMES	

•  	Complete	coverage	of	the	target	popula1on,	non	overlapping,	
no	gaps	between	adjacent	units,	unbiasedness	of	the	survey	
es5mates	with	measurable	and	higher	precision.		

•  Timeliness:	5mely	es5mates	on	cul5vated	areas	and	on	
expected	produc5ons.	

•  Longevity:	once	a	spa5al	frame	is	constructed,	it	remains	
updated	for	a	long	5me,	only	updates	for	land	use	changes.	

•  Versa5lity:		since	sampled	repor5ng	units	can	be	associated	
with	a	por5on	of	land,	a	spa5al	frame	can	be	used	to	collect	data	
for	mul5ple	variables	in	one	survey,	e.g.	crop	surface,	livestock,	
economic	and	environmental	data.	
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•  Objec5vity	of	data	collec5on	and	non-sampling	errors	
reduced.	The	materials	used	for	the	survey	and	the	informa5on	
collected	help	to	reduce	non-sampling	errors	in	interviews	and	
are	a	good	basis	for	data	imputa5on	for	non-respondents.			

•  Reduced	burden	on	farmers.	

•  They	allow	the	use	of	spa5ally	defined	auxiliary	informa5on	
(e.g.	GIS	data	and	remote	sensing).		
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DISADVANTAGES	OF	SPATIAL	FRAMES	

•  	Cost:	The	se,ng	up	of	the	frame	is	usually	a	high	cost	ac5vity	(not	so	high	for	point	
frame),	high	sample	selec5on	costs	above	all	in	the	case	of	units	with	iden5fiable	
physical	boundaries,	face-to-face	interviews	conducted	by	well-trained	enumerators	
are	very	costly,	and	high-tech	methods,	qualified	office	staff,	and	sta5s5cians	are	
needed.	

•  Not	suitable	for	cul5va5ons	with	high	spa5al	variability	(sca^ered),	and	they	have	a	
limited	precision	of	the	es5mates	for	small	areas	or	highly	concentrated	land	cover/
use	classes.	

•  Cartographic	material	is	required	to	construct	the	frame	(such	as	maps,	satellite	
images,	aerial	photos).	

•  Less	efficient	than	a	list	frame	as	the	only	stra5fica5on	is	for	land	cover/use	and	for	
commodi5es	on	large	farms	or	commodi5es	that	are	rare	(but	spa5ally	concentrated).	

•  Sensi5ve	to	the	impact	of	outliers,	and	the	es5mates	may	be	unstable.		
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LIST	FRAMES	

•  Lists	of	holdings	or	holders'	addresses.	

•  Derive	from	previous	agricultural,	housing	or	popula5on	censuses,	from	lists	set	up	
by	poli5cal	or	administra5ve	subdivisions,	from	farmer’s	associa5ons	or	from	other	
administra5ve	data	sources.		

•  They	contain	informa5on	on	holding	size,	crops,	livestock,	and	other	
characteris5cs.	

•  These	types	of	informa5on	are	oVen	used	to	stra5fy	the	frame	that	greatly	
improves	sampling	efficiency.	

•  Many	different	ways	of	preparing	a	list	of	agricultural	holdings.	

•  Local	knowledge	should	be	used	to	list	not	only	farm	households,	but	also	holdings	
under	different	legal	status,	such	as	coopera5ves,	government	farms,	and	enterprises.		
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•  In	the	case	of	countries,	which	have	and	keep	up-to-date	land	records	(a	
cadastre),	it	may	be	easy	to	prepare	a	frame	through	reference	to	the	land	
records.	In	the	land	records,	the	name	of	the	holder	is	normally	entered	
together	with	all	the	fields	operated	by	him.	Checking	the	internal	consistency	
of	the	cadastre	is	essen5al.	By	covering	each	field	of	the	study	region,	it	
should	be	possible	to	completely	list	the	holders.		

•  In	countries	where	rural	reconstruc5on	and	development	programs	have	
been	ini5ated,	a	list	of	households	may	be	readily	available,	and	this	can	be	
used	to	screen	the	farm	households.	In	case	no	list	of	households	or	holdings	
is	present,	it	will	be	necessary	to	prepare	a	new	lis5ng	of	households	
opera5ng	some	land.	The	enumerator	may	be	instructed	to	start	from	a	fixed	
point	of	the	village,	and	systema5cally	number	every	house	in	which	there	
may	be	more	than	one	holding.	Only	some	of	the	members	of	the	household	
may	be	agricultural	holders.	The	enumerator	should	proceed	from	house	to	
house,	lis5ng	households	along	with	the	informa5on	whether	its	members	
are	agricultural	holders.			
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•  The	list	frames	are	not	generally	linked	with	the	territory,	
except	if	the	parcels	of	the	households	and	farms	are	digi5zed.	
This	is	obviously	a	very	expensive	task.	

•  	if	this	link	exists,	the	opera5onal	sampling	frame	includes	the	
geographic	dimension	of	the	units,	such	as	farms	and	
households	that	should	be	connected	to	the	land	cover	and/or	
land	use	dimensions.	This	produces	a	series	of	benefits.	Among	
the	others,	the	link	of	the	farm	with	its	posi5on	in	the	territory	
ensures	the	assessment	of	the	quality	of	self	reported	responses	
of	farmers,	and	the	use	of	these	measurements	for	
benchmarking.	Furthermore,	this	associa5on	facilitates	agro-
environmental	analysis.	Remote	sensing	data	can	help	in	
handling	this	problem	by	adding	the	geographical	dimension	to	
the	list	frames.	



			

•  In	case	of	spa5al	units	with	segments	that	have	recognizable	physical	
boundaries,	the	frame	is	an	ordered	list	of	land	areas,	called	frame	units,	
with	their	assigned	number	of	segments,	such	that	they	form	a	complete	
subdivision	of	the	total	land	area	of	each	land-use	stratum,	with	no	overlap.	
They	provide	a	clear-cut	means	of	iden5fying	of	each	segment,	and	the	
number	of	segments	assigned	to	each	frame	unit	facilitates	the	probability	
sampling	of	segments.	

•  The	prepara5on	of	such	a	frame	is	a	very	demanding	issue.	

•  Up-to-date	cartographic	material	(maps,	satellite	images,	aerial	photos)	
are	required	on	which	the	land	to	be	included	can	be	visualized.	

•  The	resolu5on	or	detail	of	the	material	must	be	sufficient	to	stra5fy	
according	to	intensity	of	land	use	and	the	subsequent	subdivision	of	these	
land-use	strata	into	frame	units	also	with	recognizable	physical	boundaries.			
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SPATIAL	FRAMES	



			

•  Land-use	strata	and	frame	units	are	iden5fied	on	satellite	images	or	on	a	
mosaic	of	aerial	photographs	and	then	transferred	to	topographic	charts	
and	measured.	

•  Frame	units	are	constructed	generally	with	maps	on	which	the	
boundaries	of	the	land-use	strata	have	been	transferred.	

•  In	each	land-use	stratum,	each	frame	unit	must	be	measured	and	
assigned	to	a	target	number	of	segments	of	approximately	equal	size.	Then,	
the	number	of	segments	assigned	to	each	frame	unit	is	summed	to	provide	
the	total	number	of	segments	in	the	stratum,	and	a	sample	of	segments	is	
selected	from	each	land-use	stratum.	Each	sample	segment	is	constructed	
on	small	mosaics	of	aerial	photography	on	which	the	boundary	of	the	
corresponding	frame	unit	have	been	transferred.	The	selected	sample	
segments	are	located	on	appropriate	aerial	photo	enlargements	used	to	
control	field	data	collec5on.			
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•  	In	the	case	of	spa5al	frames	with	regular	polygons	or	with	
segments	that	coincide	with	the	land	of	agricultural	holdings,	
the	frame	construc5on	is	simpler	than	in	the	previous	case.		

•  The	construc5on	of	point	frames	is	basically	simpler	as	the	
genera5on	of	coordinates	is	made	in	an	automa5c	way.	The	
grid,	produced	by	soVware,	is	then	overlaid	with	a	point	to	
polygon	map	intersec5on	in	order	to	a^ribute	to	each	point	
one	and	only	one	territorial	nomenclature	code,	based	on	
administra5ve	divisions	(e.g.	NUTS)	excluding	points	outside	
the	study	region	(e.g.	water,	foreign	States,	etc.).	Then,	each	
point	is	overlaid	on	aerial	photos	or	low-resolu5on	satellite	
images	so	that	a	photo-interpreter	can	assign	a	stratum	code.	

•  The	frame	is	oVen	overlaid	with	a	digital	eleva5on	model	to	
assign	to	each	point,	the	eleva5on,	which	could	be	useful	for	
cut-off	sampling	or	stra5fica5on	
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•  		The	reduc5on	of	non-sampling	errors	is	a	strategy	
oVen	crucial	for	the	success	of	a	survey	and	of	these	
errors	probably	the	most	influen5al	are	those	
deriving	from	the	list	used	for	the	representa5on	of	
the	target	popula5on.		

•  Any	difference	between	the	frame	and	the	target	
popula5on	implies	a	possible	bias	in	the	results	
whose	weight	will	grow	with	the	increase	of	the	
distance	between	the	two	popula5ons.		
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200 meters 

LAND USE 
1…………….. 
2. AGRICULTURAL  
   AREA 
    2.1 ARABLE LAND 
    2.2 PERMANENT     
          MEADOWS    
          AND PASTURES 
    2.3 LAND UNDER    
          PERMANENT   CROPS 
3………………. 
4…………….. 
5……………….. 
6……….. 

Stra5fica5on	Photo	interpreta5on	

Square	Grid,	say	500m,	super-
imposed	over	geographical	map	

A	soVware	to	speed	up	this	long	and	boring	ac5vity	is	very	important	
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POPOLUS:	photo-	interpreteta5on	soEware		
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  Region: Tuscany  91.901 points 

Ar5ficial	land	
U5lized	Agricultural	Area	
Woodland	
Grassland	
Bare	land	
Wetlands/Water	Areas	
	

Popolus	
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Stratification	

    Interpreted	Land	Use	

Domains	

Regions	

Districts	

Smaller	?	

Eleva9on	

Usually	Only	a	
Threshold	

Slope	(Irrigated	
Crops)	

Only	a	Threshold	

Cut-Off	Sampling	
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•  REGULAR POLYGONS 
 (set by the use of a squared grid of 
map coordinates: square segments 
whose end points are established 
by map coordinates) 

•  IRREGULAR POLYGONS 
 (set by identifiable physical 
boundaries such as rivers, roads, 
etc. ) 

•  POINTS 

Classical	Land/Agric.	
Finite	Popula5ons	

•  LINES or TRANSECTS 
•  Continuous SURFACES 
•  ANIMALS (finite but unknown) 

Other	Popula5ons	in	
Environmental	Studies	

Spa9al	units:	segments	of	land	areas		



Advantages/disadvantages	 

1.  REGULAR POLYGONS : The	area	frame	construc5on/management	
and	sample	selec5on	are	similar	but	simpler	than	in	2;	reasons	of	
economy;	be^er	geometrical	proper5es	(overlay	with	satellite	data);	
delays	of	the	produc5on	of	es5mates 

2.  IRREGULAR POLYGONS: reasons	of	economy;	limits	should	follow	
phisical	boundaries	thus	it	should	be	easier	to	iden5fy	the	sta5s5cal	unit	
than	in	1	and	3;	it	usually	requires	selec5on	ΠPS;	be^er	geometrical	
proper5es	(overlay	with	satellite	data);	delays	of	the	produc5on	of	
es5mates 

3.  POINTS: The	area	frame	construc5on	(in	par5cular	its	stra5fica5on)	and	
sample	selec5on	is	simpler	than	in	2	and	the	es5ma5on	methods	are	
simpler	than	for	1	and	2	but	usually	less	efficient	given	n;	data	collec5on	
and	processing	are	easier	than	for	1	and	2;	some	survey	variables	are	
point-specific	and	cannot	be	measured	over	estended	polygons				
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3 m 

Point 

Theoretical definition: no dimension but it may be 
defined as having a certain size for coherence with the 
observation rules or the location accuracy that can be 
achieved 

Operational definition: circular portion of land 

Regular polygon  

Theoretical definition: regular dimension, all the same 
size 

Operational definition: square portion of land 

Irregular polygon 

Theoretical definition: irregular dimension, varying 

Operational definition: irregular portion of land 
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•  Square	segments	on	a	regular	grid	of	10km	x	10km	

(block),	cells	of	1km	x	1km:	3	cells	for	every	block	with	
the	same	rela5ve	posi5on	(systema5c	sampling).	

•  Working	unit:	segment	(700m	x	700m)	in	the	SW	corner	
of	the	cell	

•  Na5onal	stra5fica5on	for	land	cover:	6+	segments	in	
highly	cul5vated	blocks	

•  Visit	of	the	segments:	the	surveyor,	with	the	help	of	
maps,	designs	hand	made	parcels	boundaries	overlaied	
on	aerial	photos	and	fills	a	ques5onnaire		

	
R.	Benede,,	F.	Piersimoni,	F.	Pantalone	 BaNoCoSS	2019	 46	



	

R.	Benede,,	F.	Piersimoni,	F.	Pantalone	 BaNoCoSS	2019	 47	



LUCAS	started	as	a	pilot	survey	across	a	limited	number	of	EU	Member	
States	 to	provide	early	crop	es5mates	 for	 the	European	Commission.	
The	first	survey	was	held	in	2001	and	in	2009	 	the	focus	of	the	survey	
changed	 from	 a	merely	 agricultural	 to	 a	 broadly	 agro-environmental	
one	and	it	focuses	on	state,	dynamics	and	changes	

Aims	
	

•  Produce	harmonised	and	comparable	land	cover/use	sta5s5cs	at	the	
European	 level	 through	 a	 standard	 survey	 methodology	 (for	
environmental	and	economic	projects	 linked	to	the	sustainable	use	
of	resources	and	to	climate	change)	

•  Monitor	changes	in	land	cover	and	land	use.	
•  Analyse	 the	 interac5ons	 between	 agriculture,	 environment	 and	
countryside	(such	as	irriga5on,	land	management	ect.).	

•  Analyse	soil	quality	and	to	provide	 	ground	truth	and	calibra5on	for	
many	space-borne	informa5on	collec5on	ac5vi5es.	
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Land	cover	 refers	 to	 the	bio-physical	 coverage	of	 land	
(for	example,	natural	areas,	forests,	buildings	and	roads	
or	lakes).	
Land	use	refers	to	the	socioeconomic	use	that	is	made	
of	land	(for	example,	agriculture,	commerce,	residen5al	
use	 or	 recrea5on);	 at	 any	 one	 place,	 there	 may	 be	
mul5ple	and	alterna5ve	land	uses.		
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Some	features	
	

•  Flexible	modules	dealing	with	more	specific	themes,	such	
as	soil	and	biodiversity.	

• Minumum	sta5s5cal	burden	(the	surveyors	do	not	ask	any	
ques5ons	to	the	local	residents,	land	owners	and	users).	

•  In	2018	survey	28	EU	countries	involved	and	about	
240.000	geo-referenced	points	visited	by	750	field	
surveyors	on	the	spot	and	98.000	photo	interpreted.	

•  Possibility	to	track	the	changes	in	land	cover	and	land	use	
over	5me	(many	points	are	in	common	in	the	≠	surveys).	

•  Results	are	reliable	at	EU	level	down	to	regions	and	
provinces	depending	on	the	country.	
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•  Sampling	strategy:		2-phase	stra1fied	area	frame	sampling	of	

points	covering	the	en1re	EU	territory.	
•  Aims:	

•  obtaining	a	reasonable	balance	among	the	strata	(the	
agricultural	strata	were	over-represented	in	the	previous	rounds	
of	the	survey)	since	the	focus	of	the	survey	changed	from	a	
merely	agricultural	to	a	broadly	agro-	environmental	one;	

•  providing	reliable	es5mates	at	a	geographical	level	more	
detailed	than	the	EU	one	for	the	most	relevant	land	cover	
classes	in	the	various	countries;	

•  gathering	longitudinal	data	on	land	cover	and	land	use	to	
monitor	their	changes	(for	the	countries	involved	in	the	2006	
round).	

•  Harmonised	nomenclature:	applicable	in	all	EU	Member	States	
•  Harmonised	data	collec9on	method:	in	all	countries	(Field	Survey	

according	to	well	defined	instruc5ons)	
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•  LUCAS	is	a	two	phase	sample	survey.	
•  First	phase	sample:	systema5c	sample	with	points	spaced	2	

km.,	i.e.	standard	2	km	grid	with	in	total	around	1	million	
points	all	over	the	EU.	

•  Each	point	of	the	first	phase	sample	was	photo-interpreted	
and	assigned	to	one	of	the	7	pre-defined	land	cover	strata.		

•  The	selec5on	of	points	(second	phase)	is	done	on	the	basis	of	
stra5fica5on	informa5on	and	they	are		classified	by	field	visits	
according	to	the	full	land	cover	and	land	use	nomenclature.	

•  The	stra5fied	sample	was	selected	independently	in	each	
NUTS2	region	fixing	precision	targets	on	the	es5mates	of	the	
main	land	cover	classes.		

•  The	sta5s5cal	unit	is	a	por5on	of	land	of	circular	shape	and	a	
conven5onal	dimension	of	1.5	meter	radius	(extended	to	20	
meters	in	specific	cases).	
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•  Nomenclature	LUCAS:	Land	Cover		
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A10 Built-up areas 

A20 Artificial non built-up areas 

B10 Cereals (+ triticale) 

B20 Root crops 

B30 Non permanent industrial crops 

B40 Dry pulses, vegetables and flowers 

B50 Fodder crops 

B70 Fruit trees & berries 

B80 Other Permanent Crops 

C10 Broadleaved and evergreen 
woodland 

C20 Coniferous woodland 

C30 Mixed woodland 

D10 Shrubland with sparse tree cover 

D20 Shrubland without tree cover 

E10 Grassland with sparse tree/shrub 
cover 

E20 Grassland without tree cover 

E30 Spontaneous vegetation 

F00 Bare Land 

G10 Inland water bodies 

G20 Inland running water 

G30 Coastal water bodies 

G50 Glacier, permanent snow 

H10 Inland wetlands 

H20 Coastal wetlands 

8	categories	

24	subclasses	

76	classes	
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Nomenclature	LUCAS:	Land	Use	
U110 Agriculture ( + Kitchen garden + Fallow land) 

U120 Forestry 

U130 Fishing 

U140 Mining, Quarrying 

U150 Hunting 

U210 Energy production 

U220 Industry & Manufacturing 

U310 Transport, communication, … 

U320 Water & waste treatment 

U330 Construction 

U340 Commerce, Finance, Business 

U350 Community Services 

U360 Recreation, Leisure, Sport 

U370 Residential 

U400 Unused 

Composed	by	15	categories	and	
34	classes.	
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1 100 000 points 

LAND COVER classes 
1 ARABLE LAND 
2 PERMANENT CROPS    
3 GRASSLAND 
4 WOODED AREAS AND SHRUBLAND 
5 BARE LAND, RARE VEGET. 
6 ARTIFICIAL LAND 
7 WATER 

First	phase	sample	for	stra5fica5on:	orthophoto	interpreta5on		

2km squared grid 

Ground survey 

Parameters	
• Land	cover	
• Land	use	
• pictures	
• etc.	

Sample of around 265,000 pts 

Second	phase	sample:	in-situ	data	collec5on		
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Stra9fica9on	result:	
	
Photo-	interpreta5on	of	more	than	1	
million	points	
	
- 	arable	land	
- 	permanent	crops		
- 	grassland		
- 	wood/shrub	land		
- 	bare	land,	low/rare	vegeta5on		
-	ar5ficial	land		
-	water	
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The	observa5on	Point	 The	extended	observa5on		
window	



•  Sampling	drawing:	
		
•  Selec5on	of	points:	criteria	

–  LUCAS	sample	points	are	included	as	much	as	possible	
(panel	approach)	

–  Points	above	1000m	and	very	difficult	to	access	are	
excluded	

–  Strategy	to	reduce	autocorrela5on	among	points	
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•  The	heterogeneity	of	land	cover	and	the	presence	of	linear	features	such	as	
walls,	hedges,	roads,	railways	or	irriga5on	channels	are	two	key	elements	
characterising	landscape	structures.		

•  Purpose:	iden5fy	the	typologies	of	countries	with	a	different	degree	of	land	
cover	diversity	and	landscape	pa^erns	(combina5on	of	natural	and	human	
features)	with	diversity	indicators	

•  Straight	line	of	250m	in	Eastern	direc5on	from	the	observa5on	point	
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Land cover 
features

Durum 
wheat

Grassland 
with trees

Wood 
margin Maize Oak tree 

line Maize Road 
(>3 m) Ditch Mixed forest

Codification 
in field form B12 E10 15 B16 11 B16 62 31 C30

Observa5on	of:	
–  Land	cover	transi5ons	
–  Linear	features		

are	recorded	in	the	sequence	of	their	appearance	



“LUCAS	Soil	2018”:	on	10	%	of	the	points,	20	000	random	top	soil	
samples	were	collected	by	the	LUCAS	surveyors	at	points	of	their	
visit	and	later	analysed	in	a	soil	laboratory:	to	measure	the	
quan5ty	of	organic	carbon	in	soil,	to	update	the	European	soil	
maps,	to	assess	environmental	factors	and	to	validate	soil	models	
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•  SOIL	LABORATORY	ANALYSIS	

–  Coarse	fragments	
–  	Par5cle	size	distribu5on	

(FAO,	1990a)		
•  Clay	content 		
•  Silt	Content 		
•  Sand	Content	

–  pH(CaCl2)	
–  pH(H2O)	
–  Organic	carbon	
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Microdata	-	Parameters:	
• Land	cover	(1	&	2)	
• Land	use	(1	&	2)	
• Land	Cover	percentage	
• Area	size	
• Height	of	trees	
• Width	of	features	
• Transect	(250	m	to	east)	with	Land	Cover	and	linear	
features	
• Land	management	(grazing)	
• Water	management	

West	
East	

North	

South	

SOIL	SAMPLE	



	
•  The	survey	began	in	1946	with	the	control	of	agricultural	land	
based	on	cadastral	plans.	

•  In	1962,	aerial	photography	is	introduced,	not	as	support	
of	the	survey	but	as	a	tool	upda5ng	cadastral	plans.	

•  In	2005	technical	progress	on	cartographic	documents	and	
georeferencing	helped	in	redefining	the	sampling	of	Teru5	
points	and	the	beginning	of	Lucas	encouraged	a	redesign	of	
Teru5	to	ensure	a	coherence	on	the	nomenclature,	on	the	
method	of	observa5on	and	on	the	sample	design.	

•  Since	2012,	the	Teru5	points	located	on	agricultural	land	are	
filled	in	from	applicants'	surface	administra5ve	declara5ons.	
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Purposes	

	
•	to	know	the	different	classes	of	land	cover/use	for	the	
whole	territory	(agricultural,	environmental	and	urbanized),	
yearly,	at	different	geographical	levels;	
•	to	follow	and	quan5fy	the	land	cover/use	and	landscape	
structure	changes;	
•	data	source	for	other	studies	(environmental	indicators,	
etc);	
•	to	increase	the	sample	(number	of	segments	or	number	
of	points	per	segment).	
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•  TER-UTI	uses	a	non-stra5fied	two-stage	sampling	scheme,	with	
points	grouped	in	PSU	or	cluster	or	segments	to	reduce	trips:	

•  first	stage	unit	is	the	segment:	square	area	of	1,5	kmX1,5	km;	
•  second	stage	unit	is	the	point:	land	area,	3	m	radius	circle	(general)	
or	40	m	(heterogeneus	land	cover).	Distance	inside	segment:	300	m.	

•  Two	stage	sampling	scheme:	almost	the	same	precision	as	one	stage	
but	less	expensive.	

•  Sampling	basis:	grid	3	kmX3	km.	Every	intersec5on	is	a	segment.	
•  Sistema5c	sampling	of	the	segments:	4	subsamples	(replicates)	
•  “4”:	grid	3	kmX3	km	
•  “1”:	part	of	“4”,	LUCAS	2003	points	
•  “2”:	part	of	“4”,	complement	of	“1”,	grid	6	kmX6	km	
•  “3”:	doubling	of	the	segments	number	of	"2"	+	"1"	
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Replicate	2:	segments	1+2	
Replicate	3:	segments	1+2+3	
Replicate	4:	segments	1+2+3+4	

LUCAS	

Pos.	ext.	

Goal	yearly	survey:	33.013	
segments	of	10	points	
Good	results	for	sub-regional	
level	for	most	important	and/
or	homogeneous	land	covers	
	



Area	sampling	 frames:	vehicle	 for	 conduc5ng	surveys	 to	gather	
informa5on	 regarding	 crop	 acreage,	 cost	 of	 produc5on,	 farm	
expenditures,	 grain	 yield	 and	 produc5on,	 livestock	 inventories	
and	other	agricultural	items.	
	
Key	steps:	
•  Basic	 stra5fica5on:	 (1)	 divide	 the	 land	 into	 land-use	 strata	
such	as	intensively	cul5vated	land,	urban	areas	and	range	land	
(2)	 divide	 each	 land-use	 stratum	 into	 substrata	 by	 grouping	
areas	that	are	agriculturally	similar.	

•  Mul5-step	 sampling:	 (1)	 divide	 the	 land	 into	 larger	 sampling	
units	called	first-step	or	PSU;	 (2)	 select	a	sample	of	PSUs	and	
then	 delinea5ng	 the	 segments	 only	 for	 these	 PSUs;	 and	 (3)	
select	a	sample	of	segments	from	the	selected	PSUs.		
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•  The	major	area	frame	survey	conducted	by	the	NASS	is	the	June	
Agricultural	Survey	(JAS):	area	frame	es5mates	for	crop	acreages	and	
livestock	inventories.		

•  	Iden5fica5on	of	each	segment	on	aerial	photos,	visit	of	the	
segment,	interview	of	each	person	who	operates	land	inside	the	
boundaries	of	the	selected	segments.		

•  	With	the	respondent’s	assistance,	field	boundaries	are	iden5fied	on	
the	photography	and	the	acreage	and	crop	type	reported	for	each	
field	in	the	segment.		

•  	Counts	of	livestock	within	each	sample	segment	are	also	obtained.		
•  	This	area	frame	informa5on	is	subsequently	used	to	provide	state,	
regional	and	na5onal	es5mates	for	crop	acreages,	livestock	
inventories	and	other	agricultural	items.		

•  	49	states	with	approximately	11	000	segments	being	visited	every	
year.	
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Goals:	
	
•  Acreage	es1mates	for	major	commodi1es,	livestock	

inventories	and	economic	data	
•  Measure	the	incompleteness	of	the	list	
•  Ground	truth	for	remotely	sensed	crop	acreage	es1mates	

(what	crop	spectral	signatures	from	the	satellite	represent)	
•  Follow-on	surveys	(Objec5ve	Yield	Survey,	Agricultural	

Coverage	Evalua5on	Survey	(ACES))	
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•  PSU	and	segment	sizes:	segment	size	varies	from	stratum	to	
stratum	and	state	to	state	and	depend	on	Availability	of	
boundaries	(highways,	roads,	railroads,	rivers,…	),	the	
minimiza5on	of	sampling	variability	and	data	collec5on	costs	
(typical	segment	about	1-2	square	miles).	PSU	sizes	are	based	
on	the	segment	size	and	contain	six	to	eight	segments.	

•  Every	state	has	a	sampling	frame,	where	several	land-use	
strata	are	common	to	all	frames,	including	cul5vated	land,	ag-
urban,	urban,	and	non-agricultural	land.	The	cul5vated	land	is	
divided	into	several	strata	based	on	the	distribu5on	of	
cul5va5on	in	the	state.	
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Further	level	of	stra5fica5on:	each	land-use	stratum	is	further	divided	into	substrata	
by	grouping	areas	that	are	agriculturally	similar	i.e	divide	the	popula5on	of	sampling	
units	within	each	stratum	equally	into	categories	(substrata).	Sampling	units	are	
placed	into	substrata	based	on	likeness	of	agricultural	content	and,	to	a	certain	extent,	
loca5on.	Sub-stra5fica5on	ac5vi5es	include	ordering	the	PSUs,	ordering	the	coun5es,	
calcula5ng	the	number	of	sampling	units	in	the	strata,	determining	the	number	of	
substrata,	and	placing	the	sampling	units	into	substrata.		
The	JAS	uses	a	sample	comprised	of	designated	land	areas	(segments)	selected	from	
this	stra5fica5on.		

PSU	ordering	in	a	serpen5ne	manner	
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Within	each	substratum,	the	land	is	divided	
into	primary	sampling	units	(PSUs).	A	sample	
of	PSUs	is	selected	and	smaller,	similar-sized	
segments	of	land	are	delineated	within	these	
selected	PSUs.	Finally,	one	segment	is	
randomly	selected	from	each	selected	PSU	to	
be	fully	enumerated	

Each	segment	is	outlined	on	an	aerial	photo	(red)	that	is	provided	to	the	
appropriate	field	enumerator.	Through	field	enumera5on,	a	segment	is	
divided	into	tracts	of	land,	each	represen5ng	a	unique	land	opera5ng	
arrangement	(blue).	An	area	screening	form	is	completed	for	all	tracts	
within	a	segment	and	contains	screening	ques5ons	that	determine	
whether	or	not	each	tract	has	agricultural	ac5vity.	



•  Replicated	sampling:	selec5on	of	a	number	of	independent	
subsamples	or	replicates	from	the	same	popula5on	using	the	
same	selec5on	procedure	for	each	replicate.	Each	replicate	is	
therefore	an	unbiased	representa5on	of	the	popula5on.	

•  Replicate:	simple	random	sample	of	one	land	area	(segment)	
selected	from	each	substratum	within	a	land-use	stratum.	

•  Reasons:	5	years	sample	rota5on,	the	total	number	of	
segments	rotated	each	year	is	approximately	3.000	(reduce	
burden),	Methodology	research,	Quality	assurance,	variance	
es5ma5on,	easy	sample	management	and	evaluate	rota5on	
effects.	
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• Mul5variate	op5mum	alloca5on	for	the	es5mates	at	the	
state	level.	

•  Unequal	selec5on	probabili5es	(PPS)	is	restricted	to	the	
non-agricultural	stratum	and	open	land	strata	(adequate	
boundaries	are	not	available).	In	all	other	land-use	strata	
equal	probability	of	selec5on	is	used.	About	96%	of	the	
approximately	11.000	segments	in	the	area	frame	sample	
are	selected	based	on	the	equal	probability	of	selec5on	
method.	
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Summary	
•  The	June	Area	Survey	(JAS)	collects	informa5on	on	U.S.	crops,	livestock,	
grain	storage	capacity	and	type	and	size	of	farms.	

•  land	is	divided	into	homogeneous	strata,	such	as	intensively	cul5vated	land,	
urban	areas	and	range	land	

•  	Each	land-use	stratum	is	further	divided	into	substrata	by	grouping	areas	
that	are	agriculturally	similar.		

•  Within	each	substratum,	the	land	is	divided	into	primary	sampling	units	
(PSUs).		

•  A	sample	of	PSUs	is	selected	and	smaller,	similar-sized	segments	of	land	are	
delineated	within	these	selected	PSUs.		

•  	one	segment	is	randomly	selected	from	each	selected	PSU	to	be	fully	
enumerated.	Through	in-person	canvassing,	field	interviewers	divide	all	of	
the	land	in	the	selected	segments	into	tracts,	where	each	tract	represents	a	
unique	land	opera5ng	arrangement.	Each	tract	is	screened.		
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AGRIT	is	a	survey	projected	to	obtain	areas		es5mates	of	the	
main	crops	according	to	the	LUCAS	nomenclature	of	land	cover	
valid	at	the	European	level.		The	survey	covers	the	en5re	area	
of	the	Italian	territory.	

The	adopted	sampling	design	is	a	stra5fied	two-phase	sampling:	

1.	the	reference	frame	is	defined:	a	regular	grid	is	overlayed	to	
the	Italian	territory	resul5ng	in	N	points	that	represent	an	
aligned	spa5al	systema5c	sample.	Using	aerial	photos	each	
point	is	then	classified	according	to	a	land	use	hierarchical	
nomenclature	with	a	total	of	25	entries;	

2.	the	final	sample	is	selected:	in	each	Italian	province	is	selected	
a	sample	stra5fied	by	class	of	land	use	for	a	total	of	about	
150.000	sampled	points.		
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•  Integra5on	of	data	collected	in	ground	samples	and	remote	sensing	data	

•  List:	set	of	points	(point	frame)	which	exhaus5vely	covers	the	territory.	Each	point	
is	provided	with	an	opera5onal	dimension	area:	a	3	m	radius	circle	centered	on	the	
reference	point	 (thus	with	a	total	of	about	30	m2);	 in	the	presence	of	associa5on	
between	different	land	uses,	the	observa5on	area	is	extended	to	about	700	m2	by	
increasing	the	radius	to	15	meters.	

•  Design:	stra5fied	in	2	(3)	phases	

•  First-phase	sample:	aligned	spa5al	systema5c	selec5on	of	geographical	units	on	a	
regular	grid	of	points	(N	about	1.2	million),	with	a	spacing	of	500	m	

•  Second-phase	 sample:	 stra5fica5on	 of	 the	 first-phase	 sampled	 units	 by	 province	
and	 6	 land	 cover	 classes	 (aerial	 photo	 interpreta5on);	 All	 points	 that	 show	
agricultural	 ac5vity	 compose	 the	 reference	 popula5on	 for	 the	 selec5on	 of	 the	
second-phase	sample	
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•  From	these	strata	and	for	each	of	the	103	Italian	
provinces	a	random	second-phase	subsample	is	extracted.	
Overall,	approximately	150.000	points	are	collected	on	
the	ground.		

•  Aim:	es5mates	with	a	predetermined	sample	error	for	a	
set	of	variables	(i.e.	areas	of	different	crops)	

•  Bethel	algorithm	for	stra5fied	sampling	and	Horvitz–
Thompson	es5mator	

•  Third-phase	sample:	yield	es5mates;	Bethel’s	algorithm	by	
using	the	variances	of	the	yield	of	the	previous	AGRIT	
surveys.	The	sample	size:	about	60.000	points.	
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